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CHEM ICAL ANALYSIS FOR CH ITIN AS A MEASURE OF

FUNGA L iNFILTRATION OF CELLULOSIC MATERIALS’

I. INTRODUCTION

I. Statement of the Problem. To provide a rapid and convenient chemical
analytical technique which may be used for early detection of fungus infiltration of
cellulosic materials.

2. Background. Cellulosic materials, e.g.. cotton, jute , and paper, are widely
utilized by the Army as end items or component parts in tropical and semitropical
climates. Such environments provide optimum conditions for fungus growth and infil-
trat ion of these materials while in storage or in field use. An analytical chemical pro-
cedure has been deve loped to serve as a rapid and convenient preproduction control
tec hnique to determine the state of deterioration of certain items during long-term
storage periods. In addition, this tec hnique, which will detect fungal infiltration in its
early stages, may be used as a diagnost ic aid for investigating deterioration problems
in the field. This procedure is based on the presence of chitin in the cell wall of most
fungi2 ~ which if determined quantitatively serves to indicate the degree of fungal
surface growth and infiltration. It is a modification of a technique by Rondle and
Morgan4 ~ and is based on the reaction of amino sugars with acetyl acetone in an
alkaline medium to form a chromogen that reacts with Ehrlich’s reagent (paradi-
met hylaminobenzaldehyde in a 1: 1 mixture of ethyl alcohol and I 2N hydrochloric
acid) to produce a pink co lor. The intensity of this color is proportional to the con-
centrat ion of the amino sugar.

II. EXPERIMENTAL PROCEDURE

3. Approach to the Problem. Carry out laboratory experiments to investigate
variables as: shelf life of stock glucosamine , digestion time , consequences of interrup-
tu )f1~ or delays in test procedure step sequence , precision , sensitivity, sample prepara-
tion modihcations of the original test procedures, etc.

rh.~ report ts hssed on material or iginally published by 1. Ernst. 0. A. En ser i c , and S. Levine , ‘Cherntcal A nalys t .(
~hItIn .~~ .t Measure ol l ungal Infil tration of Cellul os ic Materials .” Textile Research j ournal. Vol. 46. No.8 .

9 7~ I ~s-d by permission of the textile Research Institute.

- I uster . (‘lu-m ica! .4eus ’j tk-x of Fungi . (New ~‘ork;Acadcnt ic Press . Inc.. 1949), p. 90.
S V. C ,.~ lIran. , I ITISSOIOI( V 01 F ung i. (NEW ‘tor i - John ~¼ IIcV & Sons, Inc.. 1958) , pp. 39.43.
I . I I l,.o n aiid - I . J. Morg an , ‘A  (‘o io r imctr j c Method tor the Determination of (,lU~.’sa,T1i fl ’~ and (‘hondro.

KIOtI ICIII I - 7 1933 . pp. 1824-i 828.
C . I SI Kondk and V. I - J. Morga n . ~~he 1~~ter ni i natj ,tn ,,t (;lucossniine .’ ltiochcm . 3 . / l9~ 5 . pp. 586.589 .
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Experimentally contaminate cotton or jut e I’abric squares with the t’ollowing
fungus cultures:6

a. rI spergi llus nig er . ATCC 1 0535 , spores

h. ( ‘J ,aeioiniu,,, glohosuin , ATCC 6205 , spores

c. Expose jute burlap and cotton osnahurg samples to the U.S. Army Mobility
Equipment Research and I)evelopment (‘ommand (M ERAD(’OM) Tropical Testing
Chamber environment.

d. Expose cotton osnaburg samples to soil burial in the MERADCOM Tropical
Testing Chamber.

When growth becomes visib le under the microscope but is not heavy enough to be seen
w ith the naked eye , dislodge the growth with the ultrasonic probe and analyze for
chitin (see figure).

III. RESULTS

4. Laboratory . Chitin (glucosamine) analyses were carried out on separate
samples of paper , cotton osnaburg, and jute burlap, which were inoculated with C.
globosum and A . niger . respectively. This approac h was utilized to obtain the chitin
content of known fungus species during various stages of maturity so as to obtain an
indication of the method’s sensitivity. The slower growing C’. glohosuin appeared to
be of greater va lue for this purpose, and, thus. A . niger was not utilized beyond the
early stages of the investigation. The major concern of this analytical effort was that
it be sensitive enough to chemically indicate fungus infiltration (at least 2-micrograms!
sample area higher than a like sample area of the fabric blank) before it became visually
detectable. It was soon evident that the cellulose fabric matrix provided sufficient
interference to compromise the sought-after sensitivity. Several techniques were
applied. in vain , to minimize this interference , such as: filtration through activated
charcoal, filtration through 0.45-micrometer millipore filters, passage through cationic-
exc hange resins, treat ment with hot caustic digestion prior to the hydrochloric acid
digestion, and autoclaving prior to ana lysis.

A technique that was successfu l in minimizing matrix interference and at the
same time increasing sensitivity was the dislodginent of the fungi from the fabric by
means of an ultrasonic probe (sonification). It was found that utilization of this
dislodging technique made it possible to significantly increase the matrix area per
6 The fungus cultures were supplied by the Pioneering Research Laboratory, U.S. Army Natick Laboratories.

Natick , Massachusetts , 01700 . The present address for obtaining cultures is: 6. I . Simm ons, Natick Culture
Collection of Fungi tOM), Department of Botany. University of Massachusetts . Amherst . Massachusett s , 01002.
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saniple over ~ t CV IOUS sample areas (6.5 to 26.0 cm 2 ) to a minimum of 260 cm 2 with-
out ait y increase in interferences (samp le blank), thus increasing the lower detection
limits of the method (se e Tables I and 2). Furthermore, the addition of the washing
techniqtie resulted in t’abric blank “glucosamine ” values w hich are quite similar in
magnitude to reagent blank “glucosamine” values. Sheet paper was dropped from this
program because the paper ’s structural integrity is destroyed during sonification,
resulting in a pulp suspension which was difficult to separate from. any dislodged
lungus growth. Paper in knitted or woven fortn would undoubtedly be amenable to
this technique.

Table I. Analysis of (‘otton Osnahurg for Chitin (Glucosamine)t~
Reagent Fabric
Blank Blank Visual Chitin Net

Sample Chitin Chitin~~ Sample Sample l)iff.
(pg) (gig) Appearance~~ (,ig) (pg)

6.0 14.3 No visible growth 18.5 4.2
2 6.5 9.5 No visible growth 17.2 7.7
3 6.5 10.5 No visible growth 18.0 7.5
44c ) 4.0 4.0 No visible growth 12.8 8.8
S (

~5 10.5 Light growth visible 18.5 8.0
6 6.0 14.3 Light growth visible 25.5 11 .2
7 6.5 9.5 Light growth visible 20.8 11.3

(96 hours)

Ihese data represent the range ol low’level chitin analyses of untreated cotton osnaburg on nonnutr ient agar
innoculated with I i;l. thoni,r,, ATCC 6205.

4t ~) Sample area is 260 ens 2 incubation is 72 hours unless otherwise noted.
Untreated cotton osnaburg not inoculated with C’. globosum.
t iiilcr 36X microscope examination.

(e) I resi t i ’. dtst iiied acetylacetone results in a reduced reagent blank; hence , a reduced fabric blank — the net differ-
ence between tabric blank and sample is quite sinsilar. as shown in samples 3 and 4.

5. Samples from Soil Burial. Cotton osnahurg sam ples removed from a soil-
burial environment were found to have high glucosamine levels. However , it was deter-
mined that the high glucosamine levels were caused by the soil (soil-containing inter-
ferences) which rema ined in the cotton after the soil-removal process.

6. Samples from Tropical Testing Chamber. Cotton osnaburg and jute burlap
samp les were exposed to the MERADCOM Tropical Testing Chamber environment l’or
a period of t)  days. The exposed sam ples contained isolated growth that was not visible
to the naked eye hut was visible under the microscope. (‘hitin analyses of 260-cm2
areas of the exposed fabrics gave positive indications of early stages of fungus growth.

4
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Table 2. Analysis of Jute Burlap Fabric for Chitin (GIucosamine)~~
Reagent Fabric

Incubation Blank Blank Visual Chitin Net
Sample Time Chitin Chitin~~ Sample Sample Diff.
No.(b) (hours) (pg) (gig) Appearance~’~ (,~g) (~g)

70 8.0 8.4 No visible growth 13.2 4.8
2 72 8.0 8.4 No visible growth 11 .5 3. 1
3 72 4.5 4.8 Visible growth 10.3 5.5
4 96 4.0 6.0 Very light growth 8.3 2.3
5 96 4.0 6.0 Very light growth 11.5 5.5
6 158 4.5 4.8 Visible growth 5.5 1.0

(26 cm 2 )
7 158 4.5 4.8 Visible growth 6.8 2.0

(52 cm2 )
(a) These data represent the range of low-level chitin analyses of untreated j ute on nonnutrient agar inoculated

with C. globosum, ATCC 6205.
Sample area is 260 cm’ unless otherwise noted.

(c) Untreated jute burlap — not inoculated with C. globosum.
(d) Under 36X microscope examination.

After the initial experiments, we concentrated our efforts on cotton osnaburg samples,
which were experimentally contaminated by seeding them with a 1 .0-milliliter spore
suspension of C. globosu~n. The spore suspension was made from the yield of a culture
on blotting paper placed on a nonnutrient agar plate .7 The number of spores in the
suspension was of no influence on the test results. The results of the chemical analyses
and the visual appearances are correlated in Tables 1 and 2.

IV. DISCUSSION

7. Discussion. Experimental data in this paper show that it is possible to detect
fungus infiltration in ceilulosic materials, such as cotton and jute , before it becomes
visible to the naked eye by a modification of the method by Rondle and Morgan (see
appendix).

The application of an ultrasonic dismembrator to dislodge fungi from cellu-
losic sample surfaces virtually eliminated the high and erratic glucosamine values
encountered in our early work. The digestion of the celiulosic materials along with the
fungi gave in some cases higher glucosamine values for materials with no growth ( fabric
blank) than for a like quantity or area of fabric containing visible growth. Wit h the

NaNO,, 3.0 grams; K~tlPO4 , 1.0 gram; MgSO 4 •7ll,0. 0.5 gram; KCI, 0.25 gram; Agar (Bacto). 18 grams; and

distilled water to I Liter.

5
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dismcmhrator it was possible to “concentrate ” fungal growth. with little or no fabric
interference , to a level within limits of the established quantitative curve. This is simi-
lar in concept to conce ntrating a minute quantity of a substance in a fluid by evapo-
rating a large quantity of this fluid to a much smaller volume.

V. (‘ON(’LUSIONS

8. Conclusions. Based on the work contained in this report , it is concluded
that:

a. It is poss ible to detect low levels of fungus infiltration in cellulosic
mu ate ii a Is.

b. A rapid amid convenient technique has been established to detect the
presence of low levels of fungus infiltration in cellulosic materials even if they are
heavily soiled or stained. .

c. Fungus growth on fabrics after soil burial cannot he detected with this
method because of significant interference t iom soil residues.

d. [his method cannot be utilized for detection ot fungus growth on
paper hecat ise sonification disintegrates the paper, preventing effective separation of
the fungi.

is
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APPENDIX

ANALYTICAL PROCEDURE FOR THE DETERMINA TION OF

CH ITIN AS GLUCOSAM INE

Equipment and Materials

a. Apparatus

( I) Spectrophotometer or colorimeter (wavelength: 530 nanometers )
(2) Heaters
(3) Refluxing apparatus (preferably with ground-glass joints)
(4) 10-milliliter test tubes graduated in 0.2-milliliter divisions with

ground-glass stoppers
(5)  Ultrasonic dismembrator
(6) Shaking apparatus

b. Reagents

( 1) l2N hydrochloric acid
(2) 2N hydrochloric acid
(3) 0.5N hydrochloric acid
(4) ION sodium hydroxide
(5)  IN sodium hydroxide
(6) Phenolphthalein solution (I percent)
(7) 2, 4-pentanedione (acetylacetone). This reagent must be re-

distilled every 2 weeks.
(8) O.5N sodium carbonate
(9) Ethanol (absolute)

(10) Ehrlich’s reagent (I .336 grams of p-dimethylaminobenzaldehyde is
dissolved in 50 milliliters of ethanol followed by the addition of 50 n’.illiliters of I 2N
hydrochloric acid). Store at .~lO0 C.

(11) Bushnell-Haas medium
(12) Glucosamine hydrochloride (I milliliter = 8.6 milligrams gluco-

samine). Store frozen at -10° C.

8
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2. Procedure

a. Take at least ten 5.1- by 5.1-centimeter specimens of the cellulosic
fabric Lmmider consideration (cotton osnahurg, jute burlap) for each test sample. Place
each square in a dish that is at least 5.1 centimeters wide and contains 20 to 25 milli-
liters distilled water.

b. Sweep back and forth over the sample surfitce at least three times with
an ultrasonic dismembrator tip (Branson high-intensity sonic processor or similar) to
dislodge the fungus material. Discard the matrix, and pour the liquid containing the
fungus material into a graduated . 400-milliliter beaker. Repeat the ultrasonic tech-
nique for the remaining samples: combine the liquids of all samples in one graduated .
400-mnilliliter beaker. Place the beaker on a preheated hotplate . and let fibers settle.
Aspirate the supernatent fluid carefully, leaving 40 milliliters in the beaker. Add 200
milliliters of’ distilled water to the beaker , and place it on the preheated hotplate.
Repeat above fiber agglomeration step. A matrix control must be analyzed simul-
taneously.

c. Add 40 milliliters of I 2N hydrochloric acid to the 40-milliliter volume
and transfer to the ret’luxing apparatus.

d. Reflux for 6 hours.

e. Cool the contents and filter through a Whatman 41-H filter paper or
equivalent. Collect the filtrate into a 100-milliliter volumetric flask.

f. Rinse with distilled water , and bring flask up to volume. (The analysis
may be interrupted at this time for a maximum of 24 hours.) A reagent blank and
glucosamine standard must be carried throughout the procedure.

g. A 1.0-milliliter aliquot is taken from the test solution(s) and pipetted
into a 10-milliliter test tube(s). Analysis must be carried out at least in duplicate.

h. Add a drop of phenolphthalein , and slowly t itrate with 1 ON NaOEI until
a pink color appears : then, back-t itrate with 2N HCI until the pink color is discharged.
Back-titrate with IN NaOH until a pink color appears. and then back-titrate with 0.SN
HCI until the pink color is discharged.

i. Pipet I .0 milliliter of acetylacetone (1 .0 milliliter of acetylacetone
dissolved in 50.0 milliliters of 0.5N sodium carbonate). Prepare daily. The final
volume at this point should be 3.0 ± .2 milliliters ; bring to volume with distilled water
if necessary.

9 
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j. Place a glass tube condenser into a test tube. The condenser must not
touch the contents of the test tube. NOTE: An elongated glass tube with one sealed
end or a conical test tube tilled with water will act as a loose stopper and condenser
to prevent the loss of acetylacetone.

k. Place the test tube containing the condenser in a vigorously boiling
water bath tor 20 minutes.

I. Bring the contents ot the test tube to room temperature, and add
ethanol (abso lute) up to the 9.0-milliliter mark.

m. Add 1.0 milliliter of hl~r!ieh\ reagent . and thoroughly mix the contents
of the tube.

n. Place the test tube in a 65° C water bath for 10 minutes to acce lerate
the liberation of carbon dioxide. Bring the test tube to room temperature, and bring
up to the 10-milliliter mark with alcohol if necessary.

o. Spectrophotometer is set to 100-percent T with a reagent blank at a
wavelength of 530 nanometers.

p. Transfe r contents to a spectrophotometer cell. Color must be read
within hour to avoid error due to fading.

10
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